Thermodynamic contributions for the incorporation of GTA triplets within canonical TAT/TAT and C+GC/C+GC base-triplet stacks of DNA triplexes.
Nucleic acid triple helices may be used in the control of gene expression. One limitation of using triplex-forming oligonucleotides as therapeutic agents is that their target sequences are limited to homopurine tracts. To increase the repertoire of sequences that can be targeted, it has been postulated that a guanine can target a thymidine forming a stable GTA mismatch triplet. In this work, we have used a combination of optical and calorimetric techniques to determine thermodynamic unfolding profiles of two triplexes containing a single GTA triplet, d(A(3)TA(3)C(5)T(3)AT(3)C(5)T(3)GT(3)) (ATA) and d(AGTGAC(5)TCACTC(5)TCGCT) (GTG), and their control triplexes, d(A(7)C(5)T(7)C(5)T(7)) (TAT7) and d(AGAGAC(5)TCTCTC(5)TCTCT) (AG5T). In general, the presence of a GTA mismatch in DNA triplexes is destabilizing; however, this destabilization is greater when placed in a C(+)GC/C(+)GC base-triplet stack than between a TAT/TAT stack. These destabilizations are accompanied by a reduced unfolding enthalpy of approximately 10 kcal/mol, suggesting a decrease in the base stacking contributions surrounding the mismatch. Relative to their corresponding control triplexes, the folding of ATA is accompanied by a lower counterion uptake and a similar proton uptake, while GTG folding is accompanied by an increase in the counterion and proton uptakes. These effects are consistent with the observed decrease in stacking interactions. The overall results indicate that the main difficulty of targeting pyrimidine interruptions is that the decrease in stacking contributions, due to the incorporation of a GTA mismatch, affects the stability of the neighboring base triplets. This suggests that nucleotide analogues that increase the strength of these base-triplet stacks will result in a more effective targeting of pyrimidine interruptions.